SUMMARY Static and dynamic work involving the arms and the legs was performed by 40 men seven weeks after myocardial infarction. Leg ergometry produced a significantly higher peak work load, systolic blood pressure (BPs), heart rate (HR), and HR X BPs X 10-2 product (DP) than FUNCTIONAL CAPACITY has been safely evaluated as early as three weeks after myocardial infarction.'13 In most of these studies, however, functional capacity has been determined only during dynamic leg effort. Since upper extremity effort, required in many job tasks, is reported to produce angina and other cardiac symptoms,4' an occupational work assessment based solely on lower extremity dynamic effort seems inadequate.
FUNCTIONAL CAPACITY has been safely evaluated as early as three weeks after myocardial infarction. '13 In most of these studies, however, functional capacity has been determined only during dynamic leg effort. Since upper extremity effort, required in many job tasks, is reported to produce angina and other cardiac symptoms,4' an occupational work assessment based solely on lower extremity dynamic effort seems inadequate.
We designed a series of dynamic and static work tasks similar to those encountered in occupational work. Our objective was to evaluate the cardiovascular responses to dynamic effort involving both the arms and legs, and to compare these responses with those noted during two forms of static effort. This evaluation was performed at a relatively early phase of recovery from myocardial infarction, when many patients are being considered for return to occupational work6 ' 7 and before the time when functional assessment of occupational working capacity has been advocated.8
Methods

Patients
The population consisted of 40 men, mean age 51 ± 7 (range 34-63 years) with myocardial infarction documented by history, cardiac enzyme elevations and characteristic evolutionary electrocardiographic changes. Infarctions were inferior in 29 patients, anterior in nine and nontransmural in two patients. Patients with a third sound gallop, clinical congestive heart failure or unstable angina pectoris at six to seven weeks after infarction were excluded from this study. As a group, our patients had less severe cardiac damage than was noted by Norris in a general population of postinfarction patients. 9 The "long-term" Coronary Prognostic Index (CPI) of Norris is a method for assessing post-hospital prognosis, utilizing clinical information obtained at the time of hospital admission. Two-thirds of our patients had a CPI score of less than 3, equated with a 12% three-year mortality, compared with one-third of Norris' unselected patients. 9 Baseline ST segment depression of 0.5-0.9 mm was found in only two patients, and no patient had as much as 1 mm of ischemic ST segment depression at rest. Three patients had more than 0.5 mm of resting ST segment elevation.
Five patients were taking propranolol and two were taking quinidine. No patient was taking digitalis. All medications were discontinued on the day of the test. All patients had been employed before myocardial infarction, mostly in jobs not requiring heavy physical effort. Most had been moderately active before myocardial infarction.
Test Procedure ( fig. 1) Dynamic and static exercise was performed on two occasions, usually two days (range three to eight) apart, at an average of seven weeks (range six to eight weeks) after infarction. Handgrip contraction and forearm flexion were presented in random order on each visit. On the second visit, ergometry was performed using the limbs not tested on the first visit. Abbreviations: H heart rate; BPs -systolic blood pressure, 370 CIRCULATION greater cardiovascular responses to forearm contraction compared with handgrip contraction noted in table 1, the responses to 50% MVC for the two types of static effort were highly correlated for maximum heart rate (r = 0.85, y = 11 + 0.91x) and maximum double product (r = 0.85, y = 66.4 + 0.63x) and were somewhat less well correlated for maximum systolic blood pressure (r = 0.56, y = 68.1 + 0.60x, SEE = 13.1). Similar correlations were noted for 25% MVC.
The incidence of PVCs was similar for the two modes of static effort, and 28 of 32 patients (88%) demonstrated absence or presence of PVCs on both tests.
Leg Ergometry
The mean maximum work load was 842 ± 177 kgm/min (range 450-1200). Ischemic ST segment depression, i.e., further depression . 1 mm, compared to baseline was noted in 10 patients, only three of whom had angina pectoris during or after exercise testing. Further ST segment elevation was noted in one patient with resting ST segment elevation. Ventricular ectopy appeared during or after exercise in 15 patients, including bigeminy in three, pairs in one and ventricular tachycardia during exercise in one.
Arm Ergometry
The mean maximum work load was 546 ± 146 kgm/min (SD) (range 150-900). Ischemic ST 5 . Heart rates and double products at three work loads (450, 600 and 750 kgm/min) were significantly higher for arm cranking than for leg cranking, but systolic blood pressure was not significantly different for two of these three work loads. Peak heart rates were not significantly different, whereas peak systolic blood pressure and double product were significantly higher for leg ergometry than for arm ergometry (P < 0.001).
Ischemic Ventricular ectopy was significantly more common with dynamic than with static effort (fig. 7) . In the three patients demonstrating ectopy with static effort only, PVCs were isolated and infrequent.
Endpoints (table 3) General fatigue and muscle discomfort were the most common reasons for terminating both forms of ergometry. Identical endpoints were noted in 25 of 40 (65%) of patients. Strictly "cardiac" endpoints, i.e., angina pectoris and ventricular ectopy, were rare compared to muscle fatigue and cramping, or to generalized fatigue or dyspnea. The preponderance of patients with inferior myocardial infarction (29 of 40) in this series reflects the exclusion of patients with ventricular diastolic gallops or clinical heart failure at seven weeks after infarction. Since the extent of ventricular damage is less with inferior than with anterior infarction,to this distribution is not unexpected and has been noted in our entire group of 185 postinfarction patients. Peak enzyme elevations during hospitalization were not significantly lower, nor were peak work loads significantly higher, in the patients with inferior infarctions compared to those with anterior infarctions, suggesting that both groups of patients had an equivalent extent of ventricular damage. The higher work loads, heart rates and blood pressures with arm and with leg effort noted in our patients, compared to the less highly-selected patients reported by Schwade," probably reflects less ventricular dysfunction in our patients. Thus, it is the extent of myocardial damage rather than the site of infarction per se which determines the applicability of our results to other patient populations.
Exercise testing has been useful in assessing the ability of patients with coronary disease to perform occupational work.8" 12 Such testing has had two shortcomings: 1) It has utilized large muscle dynamic effort to the virtual exclusion of isometric stress, a mode of effort common to many occupational tasks; and 2) it has not been applied soon after myocardial infarction, i.e., within the first 12 weeks. represented by a specific weight can be readily determined. The cardiovascular response to isometric effort is a function of the relative intensity of contraction, and is independent of the mass of contracting muscle.'3 Therefore, contraction of one forearm at 50% of its maximum capacity would be expected to elicit a response similar to that of simultaneous con- traction of both forearms at 50% of their MVC. If no significant cardiac abnormalities are noted during handgrip or forearm contraction at 50% of MVC, sustained to the point of muscular fatigue, our data provide reasonable assurance that the limiting factor in isometric effort is muscular rather than cardiac. A further practical advantage of forearm lifting is that it facilitates assessment of the cardiovascular response to combined static-dynamic effort,'4 a circumstance commonly encountered in occupational work.
Elicitation of maximum cardiovascular responses in the laboratory provides evidence that a greater response is unlikely to be encountered during similar tasks performed on the job. Regarding the duration of effort, it is known that above 15% of maximum voluntary contraction, the cardiovascular response to isometric effort increases almost linearly with time until the onset of muscular fatigue.'3 Our patients required considerable urging to sustain a handgrip or forearm contraction of 50% MVC for a full minute. It is unlikely that a more prolonged stress would have been possible, owing to muscle fatigue. Lind et al. also noted a maximum duration of 1 minute in normal volunteers performing handgrip at 50% of MVC. 13 Kerber et al. also noted difficulty in their patients sustaining 50% handgrip for 2 minutes.14 Thus, a 1-minute stress at 50% of MVC represented a near maximum physical stress for our patients, and probably elicited a near maximum cardiovascular response. Since the duration of each trial of maximum handgrip or forearm lifting used in establishing MVC was less than 3 seconds, and since each trial was followed by 20 seconds of rest, it seems unlikely that muscular fatigue significantly altered the response to sustained static effort which followed.
Regarding the intensity of isometric effort, we noted a significantly higher cardiovascular response to 50% than to 25% effort, a finding similar to that of Lind in normal individuals,13 but differing from the findings of Haissly et al.,'5 who noted no significant difference in the heart rate response to 30%, 50% and 70% of maximum handgrip contraction.
It is not surprising that static effort did not produce ST segment abnormalities in our patients, since their maximum double products with isometric effort were far below those at which ischemic ST segment depression appeared during dynamic effort. In normal individuals performing dynamic, static and combined dynamic-static effort, the heart rate-blood pressure product correlates well with myocardial oxygen consumption and with coronary blood flow, the heart rate alone showing nearly as close a relationship as that of the heart rate-blood pressure product."6 Patients with angina pectoris who perform dynamic exercise also demonstrate the same close relationship between myocardial oxygen consumption and the heart rateblood pressure product.'7 It seems likely, therefore, that an ischemic "threshold" of heart rate and blood pressure exists in coronary patients, and that the relative incidence of ischemic ST segment depression and angina pectoris with isometric or with dynamic effort relates more to the likelihood of exceeding this double product than to the nature of the work load per se. 18 Littler et al. noted that the threshold of heart rate and blood pressure at which angina pectoris occurred was similar for a variety of conditions, including physical effort, smoking and eating. 19 Ischemic ST segment depression was absent with static effort in all of our patients who demonstrated ischemia with dynamic effort, consistent with the results of Haissly'6 and Helfant,2' who noted a much higher incidence of ischemia with bicycle ergometry than with handgrip contraction.
Ventricular ectopy was much less frequent with static than with dynamic effort in our patients, contrary to the findings of Atkins et al. 21 Both forms of physical effort substantially increased the frequency and grade of PVCs noted at rest.
Some patients give a history of angina pectoris with arm work but not with leg work.11 Therefore, it was interesting to compare the hemodynamic response and the relative incidence of myocardial ischemia for dynamic arm and leg effort. Ischemic responses were more frequent with leg than with arm ergometry in our patients, though this difference was not statistically significant. No patient demonstrated ischemic ST segment abnormalities or angina pectoris with arm effort but without leg effort. The double product at the onset of ischemia was not significantly different for the two modes of effort in our patients, similar to the results of Schwade regarding ischemic ST segment depression'1 and to those of Wahren regarding angina pectoris. 22 Clausen et al. noted a higher systolic blood pressure and heart rate at the onset of angina in response to arm exercise compared to leg exercise. 23 In our patients, arm ergometry provided no independent yield of ischemic ST segment abnormalities or angina pectoris compared to leg ergometry. Even among Schwade's seven patients with a history of angina pectoris precipitated by arm work but not by walking, five reported angina pectoris with leg ergometry, including one who failed to experience angina pectoris with arm ergometry." Our results support Schwade's suggestion that the sensitivity to angina pectoris with arm effort simply reflects the tendency of some patients to use their arms more than their legs in daily activities, rather than a basic pathophysiological difference between arm and leg effort.
If the elicitation of myocardial ischemia with ergometry depends on the ability to reach the ischemic threshold of heart rate and systolic blood pressure in a given patient,'8 leg ergometry appears to be the better test, for in our patients maximum double product was higher with leg ergometry than with arm ergometry. Leg ergometry has the advantage of greater familiarity and the use of standardized equipment. Moreover, the capacity of leg ergometry to elicit a maximum cardiovascular response is comparable to that of treadmill exercise.24 Where leg ergometry or treadmill exercise is impossible due to effort claudication of the legs or to orthopedic abnormalities, arm ergometry has demonstrated hemodynamic responses similar to those elicited by large muscle dynamic effort.2" Symptom-limited dynamic exercise with the legs or with the arms obviates isometric testing in most circumstances, since the magnitude of the cardiovascular response and the incidence of cardiac abnormalities is so much greater with dynamic than with static effort.
While none of these test methods simulates the nonexertional factors which may influence the cardiovascular response to occupational work such as extremes of temperature, air pollutants or psychological stress, they provide an index of maximum cardiovascular response to the major types of physical effort likely to be encountered under a wide variety of circumstances. 19 In assessing the capacity to perform physical work tasks, the maximum cardiovascular response appears to be a more useful focus than the nature of the physical tasks. Dynamic leg exercise elicits a greater cardiovascular response than a variety of tasks involving arm work which may simulate vocational and avocational conditions, but which provide a less significant cardiovascular challenge. Measurements of cardiovascular parameters during vocational and avocational activities are needed to validate the laboratory assessment. Conclusions 1) A combination of isometric and dynamic tests of function, performed as soon as seven weeks following infarction, is safe and may provide useful information regarding the ability of patients to return to work.
2) The cardiovascular tolerance for tasks involving lifting can be inferred from the cardiovascular response to a load representing 50% of the maximum forearm lifting capacity.
3) Leg ergometry is more effective than arm ergometry in eliciting latent cardiac abnormalities, and both forms of dynamic exercise are more effective in eliciting cardiac abnormalities than is static effort.
